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,QWURGXFWLRQ
2IDOOVKLSVZRUOGZLGHDUHSRZHUHGE\GLHVHOHQJLQHV7KHVHODUJHHQJLQHVFDQWRGD\SURGXFHSRZHU
DSSURDFKLQJ 0: FDQ EH YHU\ ODUJH P OHQJWK P KHLJKW WRQV ZHLJKW DQG H[SHQVLYH
H[FHHGLQJ0LOOLRQ86'DQGFDQEHLQGLYLGXDOO\WDLORUHGIRUHDFKDSSOLFDWLRQ
7KH ODUJH HQJLQHV KDYH DQ HIILFLHQF\ DGYDQWDJH RYHU VPDOOHU HQJLQHV SXUHO\ EHFDXVH RI VL]H /DUJH
F\OLQGHUGLDPHWHUVODUJHUYROXPHVXUIDFHUDWLRVKLJKH[FHVVDLUORZVSHHGVOHDGWRORZHUYDOXHVRIKHDW
WUDQVIHU JDV IORZ IODPH VSHHG VOLGLQJ IULFWLRQ $OVR WKH VL]H PDNHV H[KDXVW HQHUJ\ UHFRYHU\
HFRQRPLFDOO\YLDEOH
0DQ\³LQQRYDWLRQV´LQWURGXFHGWRGD\LQHQJLQHVKDYHDOUHDG\EHHQXVHGLQWKHGLVWDQWSDVWEXWZHUHQRW
VXFFHVVIXOXVXDOO\EHFDXVHRIPDWHULDOVPDQXIDFWXULQJRUFRQWUROSUREOHPV)RUH[DPSOH9LFNHUVXVHG
FRPPRQ UDLO LQMHFWLRQ LQ VXEPDULQH HQJLQHV LQ $OVR'R[IRUG RSSRVHG SLVWRQPDULQH VORZ VSHHG
GLHVHOXVHGDW\SHRIFRPPRQUDLOIRUKHDY\IXHO9DULDEOHYDOYHWLPLQJZDVDOUHDG\XVHGLQ
VWHDPHQJLQHVLQWKHWKFHQWXU\
7KHPDLQLVVXHVLQPDULQHHQJLQHGHVLJQDQGRSHUDWLRQKDYHDOZD\VEHHQ5HOLDELOLW\)XHOHFRQRP\DQG
VLQFH  (PLVVLRQV :LWK WKH RQJRLQJ 5	' HIIRUWV WKH LVVXH RI HPLVVLRQV ZLOO EH FRPSOHWHO\
UHVROYHG LQ WKH FRPLQJ \HDUV DOEHLW ZLWK VRPHZKDW FRPSOH[ WHFKQRORJ\ DQG FRPELQDWLRQV RI
DIWHUWUHDWPHQWFRPEXVWLRQWHFKQLTXHVDQGFRQWUROV\VWHPV
2SHUDWLRQDORSWLPL]DWLRQKHDOWKPRQLWRULQJDQGDGDSWLYHFRQWURORYHUWKHOLIHWLPHRIWKHSRZHUSODQWDUH
IXUWKHULVVXHVWRHQVXUHOLIHORQJUHOLDELOLW\DQGHFRQRP\

)URP(&)UDPHZRUN3URJUDPPH)3WR)3
7KH VHTXHQFH RI (XURSHDQ&RPPLVVLRQ (& VXSSRUWHG5	' SURMHFWV RQ ODUJH PDULQH HQJLQHV IURP
)UDPHZRUN3URJUDPPH)3WR)3UHIOHFWVWRDODUJHH[WHQGWKHWHFKQRORJLFDOQHHGVRIWKHUHVSHFWLYH
WLPHSHULRG
2QHODUJHHQJLQHSURMHFWIXQGHGZLWKLQ)3ZDV'()26'LHVHO(QJLQHRSHUDWLRQRQ9DULDEOH4XDOLW\
)XHOV ZLWK D FRQVRUWLXP RI  SDUWQHUV HQJLQH PDQXIDFWXUHUV 0$1%	 : 5XVWRQ 68/=(5
:$576,/$ RLO FRPSDQLHV %3 (/) 6+(//02%,/ 727$/ FRPSRQHQW VXSSOLHUV XQLYHUVLWLHV
OHG E\ /OR\G¶V 5HJLVWHU 7KH REMHFWLYH ZDV WR RSWLPL]H HQJLQH RSHUDWLRQ WR UHGXFH IXHO FRQVXPSWLRQ
DFFRXQWLQJIRUFRPEXVWLRQSHUIRUPDQFHGHYLDWLRQVGXHWRIXHOTXDOLW\YDULDWLRQVLQVXFFHVVLYHUHIXHOOLQJV
RIDVKLS
7KH VLQJOH PRVW LPSRUWDQW GHYHORSPHQW LQ ODUJH HQJLQHV LQ WKH SDVW  \HDUV ZDV WKH GHSOR\PHQW RI
HOHFWURQLFVDOORZLQJWKHXVHRIVHUYRPHFKDQLVPVSURYLGLQJLQGHSHQGHQFHRIIORZH[FKDQJHHYHQWVDQG
FRPEXVWLRQ LQVLGH WKH HQJLQH 7KLV DOORZV LQFUHDVHG IOH[LELOLW\ LQ PDQLSXODWLQJ WKH HQJLQH SURFHVV
OHDGLQJWRWKHVRFDOOHG³,QWHOOLJHQW´HOHFWURQLFHQJLQHVZLWKLPSURYHGHFRQRP\	HPLVVLRQV
7KH DLP RI UHPRWH IDXOW GLDJQRVLV DQG LQWHUYHQWLRQ RQWR WKH HOHFWURQLF HQJLQH ZHUH VXEMHFWV RI VRPH
SURMHFWVRQVKRUHVXSSRUWRIVKLSVXVLQJVDWHOOLWHFRPPXQLFDWLRQV6XFKSURMHFWVZHUHIXQGHGZLWKLQ)3
DQG )3 HJ 0$5,1$%& DQG 02(%,86 ZKHUH :$576,/$ SDUWLFLSDWHG WRJHWKHU ZLWK PDQ\
LQGXVWULDODQGXQLYHUVLW\SDUWQHUV
,Q WKH ¶V WKH(XURSHDQPDULQH HQJLQHPDNHUV DQG VXEVXSSOLHUV HQMR\HG VXFFHVV DQGZHUH VWURQJ
ILQDQFLDOO\ XQOLNH WKH (XURSHDQ VKLS\DUGV ZKLFK KDG GLIILFXOWLHV $IWHU D SHULRG RI FRQVROLGDWLRQZLWK
FRPSDQ\WDNHRYHUVPHUJHUVDQGDFTXLVLWLRQVWZRJURXSVHPHUJHG0$1DQG:$576,/$ZKLFKWRGD\
KROG RI WKHZRUOG¶VPDUNHW LQPDULQH HQJLQHV 7KH FRPSHWLWLRQ EHWZHHQ WKH JURXSV DQG WKH JRRG
HFRQRPLFUHVXOWVPHDQWWKDWWKH\FRXOGRZQIXQG5	'DQGZRXOGQRWUHDGLO\FRQVLGHUH[WHUQDOHJ(&
IXQGLQJZLWKLQ FROODERUDWLYH SURMHFWV ± DVZDV FRPPRQSODFH LQ WKH(XURSHDQ DXWRPRWLYH RU DHURVSDFH
LQGXVWU\
2FFDVLRQDOO\ WKH HQJLQHPDNHUV ZRXOG SDUWLFLSDWH LQ FROODERUDWLYH5	' SURMHFWV RQ WKH EHKHVW RI WKH
³FXVWRPHUV´,QWKHSURMHFW$&0($GDSWLYHFRQWURORI0DULQH(QJLQHVZDVIXQGHGZLWKLQ)3,W
ZDVOHGE\VKLSSLQJFRPSDQ\'$1$26WKDWKDGVXIIHUHGDVHYHUHHQJLQHUHODWHGGDPDJHZKLFKUHVXOWHG
DOPRVWLQWRWDOVKLSORVVLQH[WUHPHZHDWKHULQWKH3DFLILF
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0$1%	: $%% XQLYHUVLWLHV DQG UHVHDUFK LQVWLWXWHV MRLQHG WR H[DPLQH WKH EHKDYLRU RI YHU\ ODUJH
SRZHUIXOHQJLQHVLQKHDY\ZHDWKHUDQGSURSRVHLPSURYHGFRQWUROWHFKQLTXHV
%\ WKH \HDU  WKH HPLVVLRQV LVVXH ZDV EHFRPLQJ LPSRUWDQW LQ DQWLFLSDWLRQ RI SHQGLQJ ZRUOGZLGH
OHJLVODWLRQ $OUHDG\ LQ PLG V DOO HQJLQH PDQXIDFWXUHUV KDG RQJRLQJ UHVHDUFK SURJUDPV IRU ORZ
HPLVVLRQVGLHVHOHQJLQHVDQGWKHUHZHUHVRPHLQVWDOODWLRQVRIDIWHUWUHDWPHQWV\VWHPVRQERDUGVKLSVHJ
$8525$ IHUU\ 6ZHGHQ 7KH SURMHFW /,)(7,0( /RZ LQ )XHO DQG (PLVVLRQV 7ZRVWURNH ,QWHOOLJHQW
0DULQH(QJLQH IXQGHGZLWKLQ)3LQYROYHG0$1%	:$%%VKLSSLQJFRPSDQLHVXQLYHUVLWLHV7KH
REMHFWLYH ZDV WR HVWDEOLVK FRUUHODWLRQV EHWZHHQ SHUIRUPDQFH HPLVVLRQV DQG WKH HQJLQH RSHUDWLQJ
SDUDPHWHUVDQGRSWLPL]HHQJLQHSHUIRUPDQFHZLWKHPLVVLRQVDVFRQVWUDLQW
,Q)3DQGWKHUHZDVQRIRUPDOVORWLQWKH(&5	':RUNSURJUDPPHVIRUODUJHHQJLQHVVLQFHWKHUH
ZDVQRFRPPRQODUJHHQJLQHLQGXVWU\SRVLWLRQDQGUHODWHGH[SUHVVLRQRILQWHUHVWRUOREE\LQJ
,Q  WKH (& HVWDEOLVKHG DQ ([WHUQDO ([SHUW $GYLVRU\ *URXS ($* LQ /DQG 7UDQVSRUW 	0DULQH
7HFKQRORJLHV&KDLUHGE\*0LFKHOORQHRI),$7WRDGYLVHRQWKH5	'SULRULWLHVRIWKHVHFWRU7KHILQDO
UHSRUW RI WKH JURXS ODWHU LQFOXGHG LQ D &RPPLVVLRQ:KLWH 3DSHU RQ 7UDQVSRUW 3ROLF\ UHFRJQL]HG WKH
VWUDWHJLF LPSRUWDQFH RI (XURSHDQ ODUJH HQJLQH LQGXVWU\ DQG SDYHG WKH ZD\ IRU LQFOXVLRQ RI WKH UHODWHG
5	'LQWKH)3:RUNSURJUDPPH,Q)3WKHQHZFRQFHSWRI,QWHJUDWHG3URMHFWVKDYLQJODUJHVL]HDQG
FRPSOH[LW\DQGUHFHLYLQJVXEVWDQWLDO IXQGLQJZDV LQWURGXFHG7KLVZDVDOVR LQVWUXPHQWDO LQSURYLGLQJD
VHQVLEOHIUDPHZRUNIRUKDQGOLQJWKHFRPSOH[LQWHUUHODWHG5	'QHHGVRIODUJHHQJLQHGHYHORSPHQW

7KH+(5&8/(65	'3URJUDPPH
7KH5	'3URJUDPPH+(5&8/(6 LV WKHRXWFRPHRID MRLQWYLVLRQE\ WKH WZRPDMRU(XURSHDQHQJLQH
PDQXIDFWXUHU*URXSV0$1DQG:$576,/$
,Q  KLJKOHYHO GLVFXVVLRQV VWDUWHG EHWZHHQ0$1 DQG:$576,/$ ZLWK D YLHZ RI HVWDEOLVKLQJ D
FRPPRQWKHPDWLFVHWIRUDMRLQW5	'SURJUDPPHRQODUJHHQJLQHWHFKQRORJLHV
,QWKH\HDUDFRPPRQORQJWHUP5	'SURJUDPZDVSXWIRUZDUGRIDSSUR[\HDUVGXUDWLRQDQG
0LOOLRQ(855HVHDUFKEXGJHWWRGHYHORSQHZWHFKQRORJLHVIRUPDULQHHQJLQHV
7RLQFUHDVHHQJLQHHIILFLHQF\WKXVUHGXFHIXHOFRQVXPSWLRQDQG&2HPLVVLRQV
7RUHGXFHJDVHRXV	SDUWLFXODWHHPLVVLRQV
7RLQFUHDVHHQJLQHUHOLDELOLW\
7KH+(5&8/(6SURJUDPPHLVWKHILUVWWLPHWKDWWKHWZRHQJLQHPDNHU*URXSVSDUWLFLSDWHWRJHWKHULQD
SURMHFWZLWKFRPPRQO\GHILQHG5HVHDUFK$UHDV7KHIDFWWKDWWKHVHFRPSDQLHVDUHVWURQJFRPSHWLWRUVLQ
WKH VDPH PDUNHW PHDQV WKDW HDFK FRPSDQ\ KDG WR LQGHSHQGHQWO\ PDLQWDLQ WKHLU VSHFLILF GHYHORSPHQW
WDUJHWV+RZHYHU WKH WZR JURXSV KDYH VLPLODUPLVVLRQ VWDWHPHQWV UHODWHG WR WKH UHVSRQVLELOLW\ WRZDUGV
SUHVHUYDWLRQRIWKHHQYLURQPHQWDQGWKHUDWLRQDOXVHRIWKHHDUWK¶VUHVRXUFHV7KH+(5&8/(6SURMHFWLV
VXVWDLQLQJWKHVHFRPPRQREMHFWLYHV
7KHGLIIHUHQWRXWORRNRIWKHWKUHHSKDVHVRIWKH+(5&8/(6SURJUDPPHFDQEHVXPPDUL]HGDVIROORZV
+(5&8/(6$+$0XOWLWXGHRIGLIIHUHQWQHZWHFKQRORJLHVZLWKHPSKDVLVRQHPLVVLRQDEDWHPHQW
+(5&8/(6%+%6XFFHVVIXO WHFKQRORJLHV IURP+$GHYHORSHG IXUWKHU FRQVLGHULQJDOVR&2
HPLVVLRQVDQGHIILFLHQF\
 +(5&8/(6& +& ,QWHJUDWLRQ RI VHYHUDO VXFFHVVIXO WHFKQRORJLHV WRZDUGV RSWLPL]DWLRQ RI
HPLVVLRQVHIILFLHQF\DQGORQJWHUPUHOLDELOLW\RIPDULQHHQJLQHV
7KHWLPHOLQHRIWKH+(5&8/(63URJUDPPHLVVKRZQLQ)LJXUH
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0¼ %XGJHW
PRQWKVGXUDWLRQ
3DUWQHUV +(5&8/(6%
0¼ %XGJHW
PRQWKVGXUDWLRQ
3DUWQHUV
   
3KDVH,,3KDVH,
 
)LJXUH7RZDUGV+(5&8/(6&)LJXUH,3+(5&8/(6$&RQVRUWLXP

3URMHFW+(5&8/(6$
3KDVH , RI WKH 3URJUDPPH+(5&8/(6PDWHULDOL]HG DV WKH )3 ,QWHJUDWHG3URMHFW ³,3+(5&8/(6´
MRLQWO\IXQGHGE\WKH(&DQG6ZLVV*RYHUQPHQW7KH,3+(5&8/(6$&RQVRUWLXPKDGSDUWQHUV
SDUWLFLSDQWRUJDQLVDWLRQVZLWKDWRWDOEXGJHWRI0¼
7KH+(5&8/(6$&RQVRUWLXPLVVKRZQLQ)LJXUH
7KH,3+(5&8/(6$ZDVEURDGLQWKHFRYHUDJHRIWKHYDULRXV5	'WRSLFVDQGFRQVLGHUHGDUDQJHRI
RSWLRQVDQG WHFKQRORJLHV LQHDFK:RUN3DFNDJH6HYHUDOFXWWLQJHGJH WHVW DUUDQJHPHQWVZHUHGHVLJQHG
DQGPDQXIDFWXUHG
7KHJHQHUDOREMHFWLYHVRIWKH+(5&8/(6$SURMHFWDQGWKHUHODWHGVSHFLILFDFKLHYHPHQWVE\WKHHQGRI
WKHSURMHFWLQYDULRXV:RUNSDFNDJHVDUHVXPPDUL]HGLQ7DEOH
7DEOH*HQHUDO2EMHFWLYHV	$FKLHYHPHQWV

,3+(5&8/(6
2EMHFWLYH
<HDU
7DUJHWV
<HDU
$FKLHYHPHQWV
6SHFLILF)XHO
&RQVXPSWLRQ  
12[HPLVVLRQ ZUW,027LHU, 
2WKHUHPLVVLRQ
FRPSRQHQWV 
+&
30
62[
5HOLDELOLW\
3UHVHQW7%2KUV 
8SWRKUV
WHVWLQJ







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6RPHW\SLFDOUHVXOWVRI+(5&8/(6$DUHSUHVHQWHGEHORZLQ)LJXUHWR)LJXUH

 
)LJXUH9HU\ODUJHVSUD\FRPEXVWLRQFKDPEHU  )LJXUH5HVXOWVRI&)'GLHVHOFRPEXVWLRQ
VLPXODWLRQWRROV

 
)LJXUH7ZRVWDJHWXUERFKDUJHGVWURNHHQJLQH)LJXUH(PLVVLRQUHGXFWLRQPHWKRGV


)LJXUH:DWHULQMHFWLRQWHFKQLTXHV

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3URMHFW+(5&8/(6%
+(5&8/(6%ZDV WKH 3KDVH ,, RI WKH RULJLQDO 3URJUDPPH FRQFHSW 7KH SURMHFW+(5&8/(6% UXQV
IURP IRU  \HDUVZLWKSDUWQHUV DQG0¼EXGJHW7KHJHQHUDO WDUJHWV IRU HPLVVLRQV DQG IXHO
FRQVXPSWLRQZHUHUHWDLQHGLQ+(5&8/(6%+RZHYHUEDVHGRQWKHGHYHORSHGNQRZKRZDQGUHVXOWVRI
,3+(5&8/(6$LWZDVSRVVLEOHWRQDUURZGRZQWKHVHDUFKDUHDWRIRFXVRQSRWHQWLDOEUHDNWKURXJK
UHVHDUFKDQGWRIXUWKHUGHYHORSWKHPRVWSURPLVLQJWHFKQLTXHVIRUUHGXFWLRQLQVSHFLILFIXHOFRQVXPSWLRQ
DQG&2HPLVVLRQVDQG8OWUDORZJDVHRXVDQGSDUWLFXODWHHPLVVLRQV
7KH+(5&8/(6%&RQVRUWLXPLVVKRZQEHORZ

)LJXUH+(5&8/(6%&RQVRUWLXP
)RU+(5&8/(6%VSHFLILF2EMHFWLYHVZHUHVHWUHODWHGWRHDFK:RUNSDFNDJHWRVHUYHDV,QGLFDWRUVRI
DFFRPSOLVKPHQW VKRZQ LQ 7DEOH  7KH SURMHFW +(5&8/(6% LV H[SHFWHG WR ILQLVK RQ  $OO
UHSUHVHQWDWLYHREMHFWLYHVDUHH[SHFWHGWREHPHW

7DEOH2EMHFWLYHVRI+(5&8/(6%SURMHFW
+% :RUNSDFNDJH7LWOH
5HSUHVHQWDWLYH2EMHFWLYHV
ZLWKLQWKH+%3URMHFW 6WDWXV
EDUPVRQ
WHVW:3
([WUHPH
SDUDPHWHU
HQJLQHV
 6 HQJLQH 30$;  EDU 0HDQ SLVWRQ
VSHHGPV
 6 HQJLQH 30$;  EDU 0HDQ SLVWRQ
VSHHGPV $FKLHYHGEDU

0DQXIDFWXUHG
:3

&RPEXVWLRQ

 7UDQVSDUHQW F\OLQGHU FRYHU ZLWK RSWLFDO
DFFHVV VWURNH  PP ERUH HQJLQH
VWURNH  PP ERUH HQJLQH ILULQJ
FRQGLWLRQVEDUR&
 0HDVXUHG LQMHFWLRQDQGFRPEXVWLRQIXOOVFDOH
VSDWLDO GDWD IRU &)' HQJLQH VLPXODWLRQ
YDOLGDWLRQ
$FKLHYHG
:3 7XUERFKDUJLQJ 0XOWLVWDJH WXUERFKDUJLQJ ZLWK  EDU FKDUJLQJSUHVVXUHRQWHVWHQJLQH $FKLHYHG
$FKLHYHG
:3
(PLVVLRQ
UHGXFWLRQ
PHWKRGV
 (*5&*5 6FUXEELQJ IRU12[UHGXFWLRQ!
ZUW,027LHU,RQWHVW
 (QJLQH DSSOLFDWLRQ IRU 6&5ZLWK IXHO RI KLJK
VXOSKXUFRQWHQW $FKLHYHG
:3
2YHUDOO
SRZHUWUDLQ
RSWLPL]DWLRQ
+LJK SUHVVXUH ERLOHU FRPSRXQGLQJ V\VWHP WR
DFKLHYHRYHUDOOSRZHUSODQWHIILFLHQF\RQWHVW 2QWHVW
:3
$GYDQFHG
PDWHULDOVIULFWLRQ
DQGZHDU
5HGXFWLRQLQSLVWRQULQJIULFWLRQDQGJXLGH
VKRHIULFWLRQ $FKLHYHG
:3 (OHFWURQLFVDQGFRQWURO
,QVWDOODWLRQ RQ WHVW HQJLQH RI LQWHOOLJHQW
PDQDJHPHQW V\VWHPZLWK VHOI OHDUQLQJ DQG IDXOW
WROHUDQWFDSDELOLWLHV
2QWHVW


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6RPHW\SLFDOUHVXOWVRI+(5&8/(6%DUHSUHVHQWHGEHORZLQ)LJXUHWR)LJXUH

 
)LJXUH2SWLFDOF\OLQGHUFRYHUVIRUVWURNHHQJLQHV)LJXUH9DULDEOHJHRPHWU\WXUERFKDUJHUDQG37,372


)LJXUH0XOWLVWDJHLQWHOOLJHQWWXUER
3URMHFW+(5&8/(6&
7KH WHFKQRORJLFDO WKHPHV RI WKH +(5&8/(6 LQLWLDWLYH KDYH VLQFH LWV LQFHSWLRQ LQ  EHHQ KLJKHU
HIILFLHQF\ UHGXFHGHPLVVLRQVDQG LQFUHDVHGUHOLDELOLW\ IRUPDULQHHQJLQHV+RZHYHU IRU WDNLQJPDULQH
HQJLQH WHFKQRORJ\DVWHS IXUWKHU WRZDUGV LPSURYHGVXVWDLQDELOLW\ LQHQHUJ\SURGXFWLRQDQG WRWDOHQHUJ\
HFRQRP\DQH[WHQVLYHLQWHJUDWLRQRIWKHPXOWLWXGHRIQHZWHFKQRORJLHVLGHQWLILHGLQ3KDVH,DQG3KDVH,,
LVUHTXLUHG
7KH+(5&8/(6&SURMHFWLVWKH3KDVH,,,RIWKH+(5&8/(6SURJUDPPHDQGDGGUHVVHVWKLVFKDOOHQJH
E\ DGRSWLQJ D FRPELQDWRU\ DSSURDFK IRU HQJLQH WKHUPDO SURFHVVHV RSWLPL]DWLRQ V\VWHP LQWHJUDWLRQ DV
ZHOODVHQJLQHUHOLDELOLW\DQGOLIHWLPH,QWKLVZD\+(5&8/(6&DLPVIRUPDULQHHQJLQHVWKDWDUHDEOH
WRSURGXFHFRVWHIIHFWLYHO\WKHUHTXLUHGSRZHUIRUWKHSURSXOVLRQRIVKLSVWKURXJKRXWWKHLUOLIHF\FOHZLWK
UHVSRQVLEOHXVHRIQDWXUDOUHVRXUFHVDQGUHVSHFWIRUWKHHQYLURQPHQW
7KH ILUVW REMHFWLYH RI +(5&8/(6& LV WR DFKLHYH IXUWKHU VXEVWDQWLDO UHGXFWLRQV LQ IXHO FRQVXPSWLRQ
ZKLOH RSWLPL]LQJ SRZHU SURGXFWLRQ DQG XVDJH 7KLV ZLOO EH DFKLHYHG WKURXJK DGYDQFHG HQJLQH
GHYHORSPHQWV LQ FRPEXVWLRQ DQG IXHO LQMHFWLRQ DV ZHOO DV WKURXJK WKH RSWLPL]DWLRQ RI VKLS HQHUJ\
PDQDJHPHQWDQGHQJLQHWHFKQRORJLHVVXSSRUWLQJWUDQVSRUWPLVVLRQPDQDJHPHQW
$VHFRQGVSHFLILFREMHFWLYHRI+(5&8/(6&LVWRDFKLHYHQHDU]HURHPLVVLRQVE\LQWHJUDWLQJWKHYDULRXV
WHFKQRORJLHVGHYHORSHGIURPWKHSUHYLRXVFROODERUDWLYHUHVHDUFKHIIRUWV
)XUWKHUPRUHJUHHQSURGXFWOLIHF\FOHWHFKQRORJLHVZLOOEHLQWURGXFHGDQGWKHWKLUGREMHFWLYHLVWRPDLQWDLQ
WKH WHFKQLFDO SHUIRUPDQFH RI HQJLQHV WKURXJKRXW WKHLU RSHUDWLRQDO OLIHWLPH 7KLV LQFOXGHV DGYDQFHG
PDWHULDOVDQGWULERORJ\GHYHORSPHQWVWRLPSURYHVDIHW\DQGUHOLDELOLW\DVZHOODVVHQVRUVPRQLWRULQJDQG
PHDVXUHPHQWWHFKQRORJLHVWRLPSURYHWKHFRQWUROODELOLW\DQGDYDLODELOLW\RIPDULQHSRZHUSODQWV
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7KH2EMHFWLYHVRI+(5&8/(6&DUHVKRZQLQ7DEOH
7DEOH+(5&8/(6&2EMHFWLYHV

1R 2%-(&7,9( 9$/8( 7,0( +2:
LPSURYHPHQW
2YHU%$7LQVHUYLFH
HJ VWURNH HQJLQH0$1%	:60(
&F\OHOHFWURQLFVXSHUORQJVWURNH
PPERUHVIRFJN:K0(3EDU
HJ VWURNH HQJLQH :$576,/$ 9
F\O PPERUH VIRF  JN:K0(3
EDU



6XEVWDQWLDO
UHGXFWLRQLQ
IXHO
FRQVXPSWLRQ
DQG&2
SURGXFWLRQ
ZLWKLQWKH+&SURMHFW 
x2SWLPL]DWLRQRI3RZHU3URGXFWLRQ
±&RPEXVWLRQ:3*
±)XHOLQMHFWLRQ:3*
±,QWHOOLJHQWHQJLQH:3*
x2SWLPL]DWLRQRI3RZHUFRQVXPSWLRQ
±$GYDQFHGSODQWFRQWURO:3*
UHGXFWLRQ
RYHU
,027LHU,
>,02 12[ OLPLWV 7LHU , JN:K Q UDWHG
HQJLQHVSHHGQQ
Q@


6XEVWDQWLDO
UHGXFWLRQRI
HPLVVLRQVWR
QHDU]HUR
ZLWKLQWKH+&SURMHFW 
x'HYHORSPHQWVLQ
&RPEXVWLRQ:3*
x,QWHJUDWLRQRI%HVW7HFKQRORJLHV
SURGXFHGLQ,3+(5&8/(6$DQG
+(5&8/(6%LQ
±&KDUJLQJ:3*
±$IWHUWUHDWPHQW:3*
±0DWHULDOV	/XEULFDWLRQ:3*

5HWDLQKLJK
SHUIRUPDQFH
RYHUSODQW
OLIHWLPH

PD[GLYHUJHQFHIURP
³$V±1HZ´
DOOSHUIRUPDQFHSDUDPHWHUV
OLIHWLPH

\UV
x'HYHORSPHQWVLQ
±6HQVRUV0RQLWRULQJ:3*
±$GDSWLYH&RQWURO:3*
±7ULERORJ\LPSURYHPHQWV:3*
±0DWHULDOV:3*


7KH+(5&8/(6&+&3URMHFWLVSODQQHGWRUXQRYHUDWKUHH\HDUSHULRGIURPWRDQGKDVD
WDUJHWHGEXGJHWRIDSSUR[LPDWHO\(85PLOOLRQEULQJLQJWKHWRWDOFRPELQHGEXGJHWRIWKH+(5&8/(6
3URMHFWVWRDSSUR[LPDWHO\(85PLOOLRQ
7KH3URMHFWFRPSULVHV:RUN3DFNDJH*URXSV:3*LQUHVSHFWLYH57'$UHDV(DFK:3*LQFOXGHVD
SDLURIUHODWHG:RUN3DFNDJHV:3(DFK:RUN3DFNDJHFRQWDLQVVHYHUDO6XESURMHFWV(DFK6XESURMHFW
LQFOXGHVVHYHUDO$FWLYLWLHV
7KH+(5&8/(6&LVLQWHJUDWLQJWHFKQRORJLHVLQPDULQHGLHVHOHQJLQHGHYHORSPHQWDVVKRZQLQ)LJXUH


:3*1(:
&20%867,21
&21&(376
:3*)8(/,1-(&7,21
02'(/6$1'
(;3(5,0(176
:3*1($5 =(52(0,66,21
(1*,1(7(&+12/2*,(6
:3*$'$37,9((1*,1(
&21752/$1'/,)(7,0(
5(/,$%,/,7<
:3*1(:
0$7(5,$/6
$1'75,%2/2*<

)LJXUH6FKHPDWLFRYHUYLHZRI+(5&8/(6&:RUN3DFNDJH*URXSV



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0DQDJHPHQW6WUXFWXUH
7KHPDQDJHPHQWRI+(5&8/(6&HQJDJHVWKHIROORZLQJHQWLWLHV
6WHHULQJ&RPPLWWHH
&RRUGLQDWRU
7HFKQLFDO%RDUGDQG:RUN3DFNDJH&RQWUROOHUV
:RUN3DFNDJH/HDGHUV
3DUWQHU:RUNLQJ7HDP/HDGHUV
3DUWQHU$GPLQLVWUDWLYH&RQWDFWV
([WHUQDO$VVRFLDWHV*URXS(;$*
3DUWQHUV¶)RUXP
7KHKLHUDUFKLFDOVWUXFWXUHLVVKRZQJUDSKLFDOO\LQ)LJXUH


)LJXUH+LHUDUFKLFDOVWUXFWXUHRI+(5&8/(6&PDQDJHPHQWHQWLWLHV
3DUWQHUV
+(5&8/(6&LQYROYHVPDQXIDFWXUHUVVXSSOLHUVUHVHDUFKRUJDQLVDWLRQVHQGXVHUV
7KHSDUWLFLSDQWVLQHDFK:RUN3DFNDJHZHUHDVVHPEOHGEDVHGRQH[FHOOHQFHLQ
3URGXFWRUVHUYLFHGHYHORSPHQWLQGXVWULDOSDUWQHUV
5HVHDUFK,QVWLWXWHVDQG8QLYHUVLWLHV
2SHUDWLRQHQGXVHUV±VKLSSLQJFRPSDQLHVDV(;$*PHPEHUV
,Q WKH +(5&8/(6& 3URMHFW WKHUH DUH  SDUWLFLSDWLQJ RUJDQLVDWLRQV  SDUWQHUV DQG  (;$* WKLUG
SDUWLHV IURP FRXQWULHV RIZKLFK  DUH(80HPEHU&RXQWULHV $XVWULD'HQPDUN )LQODQG )UDQFH
*HUPDQ\ *UHHFH 6ZHGHQ 8QLWHG.LQJGRP &]HFK 5HSXEOLF DQG  LV $VVRFLDWHG WR )3 &RXQWULHV
6ZLW]HUODQG
7KHUH DUH   ,QGXVWULDO SDUWLFLSDQWV   8QLYHUVLWLHV   5HVHDUFK RUJDQLVDWLRQV 
8VHU2SHUDWRU(;$*FRPSDQLHV
$QRYHUYLHZRIWKH&RQVRUWLXPLVVKRZQLQ)LJXUH
1077 Nikolaos P. Kyrtatos /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1068 – 1077 

)LJXUH+(5&8/(6&&RQVRUWLXP
&RQFOXVLRQV
7KH RYHUDOO YLVLRQ RI WKH+(5&8/(6 SURJUDPPH LV IRU VXVWDLQDEOH DQG VDIH HQHUJ\ SURGXFWLRQ IURP
PDULQHSRZHUSODQWV7KHWHFKQRORJLFDOWKHPHVRIWKH+(5&8/(6LQLWLDWLYHVLQFHLWVLQFHSWLRQLQ
DUH³KLJKHUHIILFLHQF\´³UHGXFHGHPLVVLRQV´DQG³LQFUHDVHGUHOLDELOLW\´IRUPDULQHHQJLQHV
,Q+(5&8/(6$ODUJHVFDOHUHVHDUFKSODWIRUPVZHUHHVWDEOLVKHGZLWKWKHPDLQREMHFWLYH
RQ VFUHHQLQJ WKH SRWHQWLDO RI D EURDG UDQJH RI HPLVVLRQ UHGXFWLRQ WHFKQRORJLHV LQ ZKLFK DUHD JUHDW
LPSURYHPHQWVZHUHDFKLHYHG
,Q +(5&8/(6%  WKH TXHVW IRU UHGXFWLRQ LQ HPLVVLRQV ZDV UHWDLQHG IRFXVLQJ RQ VHYHUDO
VSHFLILF QRYHO WHFKQRORJLHVEXWDW WKH VDPH WLPHPRUH LPSRUWDQFHZDVSODFHGRQ LPSURYHGHIILFLHQF\
KHQFHUHGXFHGIXHOFRQVXPSWLRQDQG&2HPLVVLRQV7KLVEHFRPHVPRUHGLIILFXOWDVWKHWKHRUHWLFDOOLPLWV
RIWKHWKHUPDOF\FOHDUHDSSURDFKHG
+(5&8/(6&ZLOOPDNHDIXUWKHUVWHSLQPDULQHHQJLQHWHFKQRORJ\WRZDUGVLPSURYHGVXVWDLQDELOLW\LQ
HQHUJ\ SURGXFWLRQ DQG WRWDO HQHUJ\ HFRQRP\ ZLWK DQ H[WHQVLYH DQG LQWHOOLJHQW LQWHJUDWLRQ RI WKH
PXOWLWXGHRIQHZWHFKQRORJLHVLGHQWLILHGLQ+(5&8/(6$DQG+(5&8/(6%DLPLQJ WRZDUGVPDULQH
HQJLQHV DEOH WR SURGXFH FRVWHIIHFWLYHO\ WKH UHTXLUHG SRZHU IRU SURSXOVLRQ RI VKLSV WKURXJKRXW WKHLU
OLIHF\FOHZLWKUHVSRQVLEOHXVHRIWKHQDWXUDOUHVRXUFHVDQGUHVSHFWRIWKHHQYLURQPHQW
$FNQRZOHGJHPHQWV
7KH +(5&8/(6 3URMHFW LQYROYHV D ODUJH QXPEHU RI RUJDQL]DWLRQV DQG FRZRUNHUV $V 3URMHFW
&RRUGLQDWRU WKH DXWKRU DFNQRZOHGJHV WKH ILQH ZRUN RI WKH7DVN /HDGHUV WKH0HPEHUV RI WKH 3URMHFW
6WHHULQJ &RPPLWWHH WKH 7DVN &RQWUROOHUV WKH 3URMHFW0DQDJHPHQW 7HDP WKH 3DUWQHU:RUNLQJ 7HDP
/HDGHUVDQGWKHPRUHWKDQHQJLQHHUVDQGVFLHQWLVWVLQYROYHGLQWKHYDULRXV3KDVHVDQGVXESURMHFWV
7KH +(5&8/(6 SDUWQHUV JUDWHIXOO\ DFNQRZOHGJH WKH ILQDQFLDO FRQWULEXWLRQ RI WKH (XURSHDQ
&RPPLVVLRQ'*5HVHDUFKDQGWKH6ZLVV)HGHUDO*RYHUQPHQW%%:	%)(WKURXJK(&)3&RQWUDFW
7,3&7 ZLWK (& 3URMHFW 2IILFHU 0U 0LFKDHO .\ULDNRSRXORV DQG WKURXJK WKH (&)3
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